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Flavonoids are important plant-specific secondary metabolites synthesized 
from 4-coumaroyl coenzyme A (CoA) , derived from the general 
phenylpropanoid pathway, and three malonyl-CoAs . The synthesis involves a 
plant type III polyketide synthase, chalcone synthase. We report the 
cloning and coexpression in Escherichia coli of phenylalanine ammonia 
lyase, cinnamate- 4 -hydroxylase, 4 - coumarate : CoA ligase, and chalcone 
synthase from the model plant Arabidopsis thaliana. Simultaneous 
expression of all four genes resulted in a blockage after the first 
enzymatic step caused by the presence of nonfunctional 
cinnamate-4 -hydroxylase . To overcome this problem we fed exogenous 
4-coumaric acid to induced cultures. We observed high-level production of 
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the flavanone naringenin as a result. We were also able to produce 
phloretin by feeding cultures with 3 - (4 -hydroxyphenyl) propionic acid. 
Feeding with ferulic or caffeic acid did not yield the corresponding 
flavanones. We have also cloned and partially characterized a new 
tyrosine ammonia lyase from 
Rhodobacter sphaeroides . Tyrosine 

ammonia lyase was substituted for phenylalanine ammonia 
lyase and cinnamate- 4 -hydroxylase in our E. coli clones and three 
different growth media were tested. After 48 h induction, high-level 
production (20.8 mg L(-l)) of naringenin in metabolically engineered E. 
coli was observed for the first time. 
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PRIORITY APPLN. INFO.: US 2004-563633P P 20040420 

AB Methods for the microbial prodn. of para-hydroxycinnamic acid (pHCA) and 
cinnamic acid (CA) are provided. Microbes producing either tyrosine or 
phenylalanine are grown in the presence of either tyrosine ammonium lyase 
or phenylalanine ammonium lyase resp. where some part of the fermn. is 
accomplished at alk. pH. The process results in greater yields and higher 
rates of para-hydroxycinnamic acid (pHCA) and cinnamic acid (CA) prodn. as 
compared with fermn. exclusively at physiol . pH. 
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identified in the bacterium Rhodobacter sphaeroides. 

This enzyme has a higher activity for tyrosine than for phenylalanine and 
is useful for the prodn. of para-hydroxycinnamic acid directly from 
tyrosine. The gene encoding this enzyme was cloned by direct 
amplification using the genomic DNA and was expressed in E. coli. 
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flavonoids as well as other organic compounds. For example, the 
invention provides isolated nucleic acids, polypeptides, host cells, 
methods and materials for producing flavonoids and other organic 
compounds . 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB A novel tyrosine ammonia lyase enzyme was 

identified in the bacterium Rhodobacter sphaeroides . 

This enzyme has a higher activity for tyrosine than for phenylalanine 
and is useful for the production of para-hydroxycinnamic acid directly 
from tyrosine. The gene encoding this enzyme was cloned by direct 
amplification using the genomic DNA and was expressed in E. coli. 
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AB Methods for the microbial prodn. of para-hydroxycinnamic acid (pHCA) and 
cinnamic acid (CA) are provided. Microbes producing either tyrosine or 
phenylalanine are grown in the presence of either tyrosine ammonium lyase 
or phenylalanine ammonium lyase resp. where some part of the fermn. is 
accomplished at alk. pH. The process results in greater yields and higher 
rates of para-hydroxycinnamic acid (pHCA) and cinnamic acid (CA) prodn. as 
compared with fermn. exclusively at physiol. pH. 
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The present invention is generally related to recombinant DNA 
technol. and more particularly to DNA strands useful for the 
prodn. of parahydroxycinnamic acid and photoactive yellow protein in a 
suitable host expression system. 
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AB A novel tyrosine ammonia lyase enzyme was 

identified in the bacterium Rhodobacter sphaeroides . This 
enzyme has a higher activity for tyrosine than for phenylalanine and is 
useful for the prodn. of para-hydroxycinnamic acid directly from tyrosine. 
The gene encoding this enzyme was cloned by direct amplification using the 
genomic DNA and was expressed in E. coli . 
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AB A novel tyrosine -inducible tyrosine ammonia 

lyase enzyme was isolated from Trichosporon cutaneum. This enzyme 
has a higher activity for tyrosine than for phenylalanine and is useful 
for the prodn. of para-hydroxycinnamic acid directly from tyrosine. The 
gene encoding this enzyme was sequenced using 3 and 5 RACE cloning of the 
TAL cDNA and the gene was expressed in the Saccharomyces cerevisiae and in 
the Escherichia coli. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB The invention provides methods and materials related to producing 

flavonoids as well as other organic compounds. For example, the 
invention provides isolated nucleic acids, polypeptides, host cells, and 
methods and materials for producing flavonoids and other organic 
compounds . 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB Genes encoding phenylalanine ammonia-lyase (PAL) , tyrosine 

ammonia lyase (TAL) and phenylalanine hydroxylase 

(PAH) have been introduced into a host organism for the production of 
Para-hydroxycinnamic acid (PHCA) . The introduction of these genes 
results in the redirection of carbon flow in the host, optimizing the 
flow of carbon from glucose to PHCA. The intermediates, tyrosine and 
cinnamic acid are also produced. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB A biocatalytic method for preparing para-hydroxystyrene from 

para-hydroxycinnamic acid is described. The method uses an enzyme source 
having para-hydroxycinnamic acid decarboxylase activity to catalyze the 
decarboxylation of para-hydroxycinnamic acid in a biphasic reaction 
medium to produce para-hydroxystyrene, which is extracted into the 
organic phase of the biphasic reaction medium. The method results in a 
high yield of para-hydroxystyrene due to the decreased exposure of the 
enzyme source to the inhibitory product. The product is readily 
recovered from the extractant, or may be chemically derivatized directly 
in the extractant before recovery. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB Methods are provided for the production and recovery of multifunctional 

aromatic compounds from a fermentation medium. Preferred multifunctional 
aromatic compounds include para-hydroxycinnamic acid (pHCA) , cinnamic 
acid (CA) , and para-hydroxystyrene (pHS) . The multifunctional aromatic 
compounds may be produced in a biphasic growth medium comprising a 
fermentation medium having a specified volume of an extractant. The 
multifunctional aromatic compounds are extracted into the extractant and 
recovered by standard means. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB A novel tyrosine ammonia lyase enzyme was 

identified in the bacterium Rhodobacter sphaeroides. This 

enzyme has a higher activity for tyrosine than for phenylalanine and is 

useful for the production of para-hydroxycinnamic acid directly from 

tyrosine. The gene encoding this enzyme was cloned by direct 

amplification using the genomic DNA and was expressed in E. 

coli . 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB A novel tyrosine- inducible tyrosine ammonia 

lyase enzyme was isolated from the yeast Trichosporon cutaneum. 
This enzyme has a higher activity for tyrosine than for phenylalanine 
and is useful for the production of para-hydroxycinnamic acid directly 
from tyrosine. The gene encoding this enzyme was sequenced using 3' and 
5 1 RACE cloning of the TAL cDNA and the gene was expressed in the yeast 
Saccharomyces cerevisiae and in the bacterium Escherichia coli. 
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An in vivo method for the production of pHS via a recombinant host cell 
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is disclosed. The host cell expresses at least one gene encoding a 
polypeptide having para-hydroxycinnamic acid decarboxylase activity in 
combination with either at least one gene encoding a polypeptide having 
tyrosine ammonia lyase activity or at least 

one gene encoding a polypeptide having phenylalanine ammonia lyase 
activity. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB The present invention provides several methods for biological production 
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of para-hydroxycinnamic acid (PHCA) . The invention is also directed to 
the discovery of new fungi and bacteria that possess the ability to 
convert cinnamate to PHCA. The invention relates to developing of a new 
biocatalyst for conversion of glucose to PHCA by incorporation of the 
wild type PAL from the yeast Rhodotorula glutinis into E. coli 
underlining the ability of the wildtype PAL to convert tyrosine to PHCA. 
The invention is also directed to developing a new biocatalyst for 
conversion of glucose to PHCA by incorporation of the wildtype PAL from 
the yeast Rhodotorula glutinis plus the plant cytochrome P-450 and the 
cytochrome P-450 reductase into E. coli. In yet another embodiment, the 
present invention provides for the developing of a new biocatalyst 
through mutagenesis of the wild type yeast PAL which possesses enhanced 
tyrosine ammonia -lyase (TAL) activity. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB Genes encoding phenylalanine ammonia- lyase (PAL) , tyrosine 

ammonia lyase (TAL) and phenylalanine hydroxylase 

(PAH) have been introduced into a host organism for the production of 
Para-hydroxycinnamic acid (PHCA) . The introduction of these genes 
results in the redirection of carbon flow in the host, optimizing the 
flow of carbon from glucose to PHCA. The intermediates, tyrosine and 
cinnamic acid are also produced. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB The present invention provides several methods for biological production 

of para-hydroxycinnamic acid (PHCA) . The invention is also directed to 
the discovery of new fungi and bacteria that possess the ability to 
convert cinnamate to PHCA. The invention relates to developing of a new 
biocatalyst for conversion of glucose to PHCA by incorporation of the 
wild type PAL from the yeast Rhodotorula glutinis into E. coli 
underlining the ability of the wildtype PAL to convert tyrosine to PHCA. 
The invention is also directed to developing a new biocatalyst for 
conversion of glucose to PHCA by incorporation of the wildtype PAL from 
the yeast Rhodotorula glutinis plus the plant cytochrome P-450 and the 
cytochrome P-45 0 reductase into E. coli. In yet another embodiment, the 
present invention provides for the developing of a new biocatalyst 
through mutagenesis of the wild type yeast PAL which possesses enhanced 
tyrosine ammonia -lyase (TAL) activity. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB The present invention provides several methods for biological production 

of para-hydroxycinnamic acid (PHCA) . The invention is also directed to 
the discovery of new fungi and bacteria that possess the ability to 
convert cinnamate to PHCA. The invention relates to developing of a new 
biocatalyst for conversion of glucose to PHCA by incorporation of the 
wild type PAL from the yeast Rhodotorula glutinis into E. coli 
underlining the ability of the wildtype PAL to convert tyrosine to PHCA. 
The invention is also directed to developing a new biocatalyst for 
conversion of glucose to PHCA by incorporation of the wildtype PAL from 
the yeast Rhodotorula glutinis plus the plant cytochrome P-450 and the 
cytochrome P-450 reductase into E. coli. In yet another embodiment, the 
present invention provides for the developing of a new biocatalyst 
through mutagenesis of the wild type yeast PAL which possesses enhanced 
tyrosine ammonia- lyase (TAL) activity. 
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